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Abstract 

This  paper  reports  the  effects  of  variation  of  number  of  quantum  weiis  in  materiai  gain 
characteristics  and  iasing  wavelength  of  step  index  separately  confined  type-1  InGaAsP/lnP  lasing  nano¬ 
heterostructure  for  different  carrier  concentrations  at  room  temperature  in  TE  (Transverse  Electric)  mode 
of  polarization.  Peak  material  gain  is  found  to  be  highest  when  the  number  of  quantum  well  is  one  in  the 
structure.  However,  for  the  case  of  3QWs,  5QWs  and  7QWs,  it  is  almost  same  at  a  particular  carrier 
density.  Lasing  wavelength  at  peak  material  gain  considerably  increases  as  the  number  of  quantum  well 
layers  vary  from  single  quantum  well  layer  to  three  quantum  well  layers  in  the  active  region  and  after  that  it 
will  remain  almost  same  by  any  further  increase  in  number  of  quantum  wells  for  a  particular  carrier  density. 
Furthermore,  negative  gain  condition  in  the  material  gain  spectra  exists  in  the  case  of  multiple  quantum 
wells  only  at  carrier  concentration  of  2x10^^/cm^.  The  results  suggest  that  the  proposed  nano¬ 
heterostructure  is  highly  suitable  as  a  light  source  in  fiber  optic  links  for  long  distance  communication. 
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1.  Introduction 

The  nano-scale  heterostructures  have  played  an  important  role  in  the  area  of 
optoeiectronics,  particuiariy,  in  opticai  fiber  communication  where  iong  waveiengths  are  required 
for  communication  purpose.  For  more  than  haif  a  century,  the  research  in  semiconductor  iasers 
and  iasing  heterostructures  has  been  continued  and  contributed  in  a  great  way  in  the  area  of 
optoeiectronics  [1-18].  For  exampie,  radiation  properties  of  semiconductor  iaser  such  as 
directivity,  beam  brightness,  and  its  narrow  spectrai  width,  and  coherence  compeiied  them  the 
best  iight  sources  in  fiber  optic  iinks  for  iong  distance  communication.  This  has  made  the  opticai 
fibers  commerciai  [17].  Over  the  time,  iong  haui  system  capacity  demands  have  been  grown 
continuousiy,  as  has  the  requirement  to  improve  the  quaiity  of  semiconductor  iaser  diode.  In 
repiy,  quantum  weii  iaser  diodes  with  maximum  possibie  narrow  width  of  the  spectra  (about 
tenths  of  a  nanometer)  have  been  designed.  Various  designs  have  been  proposed,  most  of 
them  were  just  disappeared,  and  oniy  a  few  continue  as  usefui  products.  Within  the  iast  twenty 
years  there  has  been  increasing  attention  in  materiais  with  nano-scaie  dimensions.  Drastic 
advancement  in  the  deveiopment  of  nano-scaie  crystai  growth  and  device  fabrication 
technoiogies  has  impeiied  the  downscaiing  of  semiconductor  iaser  diodes,  a  trend  aiso  inspired 
by  the  need  to  attain  iarger  coior  range,  higher  materiai  gain,  and  iower  iasing  threshoid  [12], 
[15],  [17].  Progress  in  materiai  growth  technoiogies,  especiaiiy  moiecuiar  beam  epitaxy  (MBE), 
metai-organic  CVD,  and  a  suite  of  chemicai  synthesis  procedures,  cause  high  quaiity  nano- 
scaie  semiconductor  structures  fabrication  possibie  [3],  [9],  [17].  Appiying  heterojunctions  in 
semiconductor  iasers  was  first  suggested  in  1963  when  Herbert  Kroemer,  a  weii-known  scientist 
in  this  domain,  proposed  the  concept  that  popuiation  inversion  couid  be  greatiy  enhanced  by 
integrating  heterojunctions  in  the  semiconductor  iaser  structure  [10].  For  the  materiai  science  of 
heterostructure  fabrication,  it  took  severai  years  to  meet  with  Kroemer's  ideas  but  now  it  is 
acceptabie  as  industry  standard.  Subsequentiy,  it  was  noticed  that  the  band  gap  energy  couid 
be  controiied  by  utiiizing  the  benefits  of  the  quantum  size  effects  in  quantum  weii 
heterostructure.  To  make  iasing  action  further  effective,  an  especiaiiy  thin  active  region,  about  4 
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to  20  nm  thicknesses,  is  designed  by  a  particuiar  fabrication  technique  [17],  Such 
semiconductor  devices  are  named  as  quantum  weii  iaser  diodes.  The  quantum  weii  approach 
aiters  the  density  of  energy  ieveis  possibie  for  eiectrons  and  hoies  and  resuits  a  much  higher 
opticai  gain.  The  major  benefits  of  a  quantum  weii  iaser  diode  is  more  effective  current-to-iight 
conversion  capabiiity,  better  output  beam  confinement,  and  the  abiiity  to  radiate  a  range  of 
waveiengths  [11],  [17-18].  From  a  practicai  viewpoint,  these  benefits  of  the  quantum  weii 
structure  drasticaiiy  iessen  the  threshoid  current  and  enhance  the  possibiiity  of  varying  radiating 
waveiengths  by  changing  the  width  of  an  active  iayer  [17].  The  main  difficuity  with  the  simpie 
quantum  weii  iaser  diode  is  that  the  thin  iayer  is  generaiiy  too  smaii  to  efficientiy  confine  the 
iight.  To  rectify  this  probiem,  two  more  iayers  are  added  on,  over  the  first  three  iayers.  These 
iayers  have  a  smaiier  index  of  refraction  as  compared  to  the  center  iayer,  and  hence  confine  the 
iight  efficientiy.  Such  a  device  is  known  as  a  separateiy  confined  heterostructure  based 
semiconductor  iaser  diode.  Since  the  1990s,  about  aii  commerciai  semiconductor  iaser  diodes 
have  been  separateiy  confined  heterostructure  based  quantum  weii  iaser  diodes.  Commerciaiiy 
attractive  waveiength  range  (0.5-4pm)  may  be  comprised  by  most  of  the  heterojunction  designs 
fabricated  from  compound  semiconductor  lll-V  quaternary  aiioys,  Especiaiiy,  AiGalnP, 
InGaAiAs,  AiGaAsSb,  InGaAsP,  InGaAsSb  and  InPAsSb  [12],  [15],  [17].  The  aforementioned 
quaternary  aiioys  cover  aimost  aii  ternary  aiioys  from  lll-V  elements.  Due  to  the  absence  of 
knowledge  about  the  dependence  of  various  material  parameters  on  the  composition  of  the 
alloy  has  restricted  a  systematic  progress  to  the  design  of  custom-made  optoelectronic  devices. 
Quantum  well  laser  diodes  are  possible  with  the  following  configurations:  single  quantum  well 
(SQW),  multiple  quantum  well  (MQW),  step-index  separate  confinement  heterostructure 
(STINSCH)  and  graded-index  separate  confinement  heterostructure  (GRINSCH).  A  multiple 
quantum  well  laser  can  exhibit  up  to  100  mW  powerful  radiation  [17].  Recent  advances 
comprise  strained  quantum  well  based  active  media.  By  incorporating  a  controlled  strain  in  an 
active  layer,  a  designer  can  control  the  widths  of  the  quantum  well  and  the  potential  barrier.  This 
results  in  the  prospect  of  improving  the  semiconductor  laser  diode  properties:  controlling  its 
wavelength,  reducing  its  threshold  current,  and  enhancing  laser  efficiency.  Nowadays,  in  the 
field  of  nano-optoelectronics,  the  nano-scale  lasing  heterostructures  having  multiple  quantum 
well  have  been  most  widely  utilized  [3],  [7],  [13].  The  material  system  InGaAsP/lnP  based 
multiple  quantum  well  lasing  nano-heterostructures  is  generally  utilized  in  optical  fiber 
communications  as  a  source  of  light  because  of  their  suitable  lasing  wavelength  ranges.  The 
quaternary  compound  semiconductor  InGaAsP  is  a  versatile  laser  material  grown  on  InP 
substrates  [1-2],  [4].  Now  a  days,  the  separately  confined  heterostructures  have  been  proposed 
as  a  vital  element  of  the  quantum  well  lasing  heterostructures.  A  separately  confined 
heterostructure  with  single  quantum  well,  where  the  InGaAsP  active  region  is  the  core  layer  of  a 
five  layered  dielectric  slab  waveguide  have  already  been  reported  [1-2],  [4],  [14].  The  InGaAsP 
active  layer  is  sandwiched  by  an  InGaAsP  layer  on  each  side  for  better  carrier  confinement.  The 
two  outer  InGaAsP  material  layers  confine  the  optical  field  [1-2],  [4],  [8],  [16].  A  quaternary 
compound  semiconductor  material.  Indium  gallium  arsenide  phosphide  (Ini.xGaxASyPi.y)  is  an 
alloy  of  indium  phosphide  and  gallium  arsenide.  Previously  mentioned  compound 
semiconductor  has  uses  in  photonic  devices,  because  of  the  ability  to  customize  its  band  gap 
through  variations  in  the  alloy  mole  fractions,  x  and  y.  InP  material  based  photonic  integrated 
circuits,  generally  use  lni.xGaxASyPi.y  to  make  quantum  well  layers,  waveguides  and  other 
photonic  structures,  which  is  lattice  matched  to  an  Indium  Phosphide  substrate,  facilitating 
single  crystal  epitaxial  growth  onto  Indium  Phosphide. 


2.  Theoretical  Details 

The  optical  gain  coefficient  in  terms  of  photonic  energy  or  transition  wavelength  can  be 
simulated  by  the  following  expression; 
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The  symbols  used  in  the  above  expression  for  the  material  gain  have  been  described  in 
detail  in  references  [5,  6].  In  the  above  expression,  Ty^and  are  the  quasi-Fermi  levels  and 
can  be  related  with  the  carrier  concentrations  by  the  following  equations: 
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where  N  and  P  are  the  electron  and  hole  carrier  concentration  in  the  conduction  and  vaience 
bands  respectiveiy;  m* ,  and  are  the  effective  masses  of  the  eiectrons,  heavy  hoies  and 
iight  hoies  respectiveiy;  is  the  width  of  quantum  weii;  h  is  the  reduced  piank  constant  and  k  is 
the  Boitzmann  constant. 


3.  Structural  Details 

The  schematic  semiconductor  iayer  structure  and  schematic  energy  band  diagram  used 
in  the  simuiation  is  shown  in  Figure  1  and  Figure  2  respectiveiy.  The  proposed  step  index 
separateiy  confined  iasing  nano-heterostructure  comprises  of  a  singie  quantum  weii  iayer  of 
lno.9Gao.1Aso.59Po.41  materiai  of  thickness  60  A  piaced  in  between  two  wide  bandgap  barrier 
iayers  of  materiai  lno.75Gao.25Aso.55Po.45^of  thickness  50  A  foiiowed  by  ciadding  iayers  of  materiai 
lno.5Gao.5Aso.11Po.89  of  thickness  100  A.  Since  the  bandgap  energy  of  quaternary  compounds 
depend  on  aiioy  composition  therefore  bandgap  energy  of  quaternary  compound 
semiconductor,  Ini.xGaxASyPi.y  is  different  for  different  vaiue  of  moie  fraction  x.  Off  course 
quantum  weii  region  bandgap  is  iesser  as  compare  to  that  of  barrier  and  barrier  region  bandgap 
is  iesser  as  compare  to  that  of  ciadding.  The  entire  structure  is  fuiiy  grown  on  Indium  phosphide 
substrate  as  given  in  Figure  1.  Simuiation  has  aiso  been  carried  out  for  different  quantum  weii 
numbers  in  the  active  region  at  different  carrier  densities. 


Ini-xGaxASyPi-y  Cladding  Layer 

_ x=0.50,  y=0.11 _ 

lni-xGaxASyPi-y  Barrier  Layer 

_ x=0.25,  y=0.55 _ 

Ini-xGaxASyPi-y  Quantum  well  Layer 

_ x=0.10,  y=0.59 _ 

lni-xGaxASyPi-y  Barrier  Layer 

_ x=0.25,  y=0.55 _ 

Ini-xGaxASyPi-y  Cladding  Layer 
x=0.50,  y=0.11 
InP  Substrate 


Figure  1 .  Schematic  iayer  diagram  of  step  index  separate  confinement  SOW  based 
InGaAsP/lnP  iasing  nano-heterostructure 
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Figure  2.  Schematic  energy  band  structure  of  step  index  separate  confinement  SOW  based 

InGaAsP/lnP  iasing  nano-heterostructure 
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Simulation  study  of  a  compressively  strained  quantum  well  lasers  with  a  750pm  ridge 
length  and  3pm  ridge  width  for  four  distinct  number  of  quantum  wells  in  active  region  at  four 
different  carrier  densities  are  done  using  GAIN  software  package.  The  strain  level  is  chosen 
such  as  to  adjust  the  bandgap  energy  to  generate  laser  output  having  a  range  of  wavelength  in 
between  1.2  pm  to  1.7  pm.  Material  compositions  of  quantum  well  regions  and  barrier  regions 
are  chosen  such  as  to  achieve  lattice  matched  condition,  but  the  substrate  selection  is  done  in 
such  a  manner  that  the  quantum  well  layers  are  compressively  strained  by  1 .2  %  in  amount, 
and  hence,  suitable  selection  of  the  substrate  is  very  much  required  for  compressively  strained 
structure. 


4.  Results  and  Discussion 

Simulation  study  of  material  gain  as  a  function  of  lasing  wavelength  and  photon  energy 
for  step  index  separate  confinement  InGaAsP/lnP  nano-heterostructure  by  varying  the  number 
of  quantum  wells  1QW,  3QWs,  5QWs  &  7QWs  in  the  active  region  for  four  different  carrier 
densities  2x101 8/cm^,  4x101 8/cm^,  6x101 8/cm®,  and  8x101 8/cm®  in  TE  mode  of  polarization  at 
temperature  300  K  and  is  thoroughly  summarized  in  Table  1 . 

In  Figure  3,  photon  energy  dependent  material  gain  is  calculated  at  carrier  density  of 
2x1 018/cm®  for  different  quantum  well  numbers  and  is  found  that  peak  gain  of  2230.14/cm 
occurs  at  0.867eV  photon  energy  for  single  quantum  well  structure.  Presence  of  spikes  in  the 
material  gain  spectra  or  abrupt  change  in  the  material  gain  that  appears  because  of  some 
nonlinearity,  an  aftereffect  of  transient  response  of  the  optical  beam  in  the  proposed  lasing 
nano-heterostructure.  Furthermore,  at  carrier  density  of  2x1 01 8/cm®  a  negative  material  gain  or 
material  loss  exists  above  a  certain  value  of  photon  energy  and  below  the  corresponding 
wavelengths  in  the  gain  spectra  which  indicates  optical  loss  because  of  the  absorption  of  light 
within  the  waveguide  for  the  case  of  multiple  quantum  well  in  the  active  region  as  shown  in 
Figure  3  and  Figure  4.  While  there  is  no  negative  material  gain  condition  occurring  at  carrier 
densities  of  4x1 01 8/cm®,  6x1 01 8/cm®,  8x101 8/cm®  for  multiple  quantum  well  structure.  However 
in  the  case  of  single  quantum  well  structure  there  is  no  any  material  loss  found  at  any 
aforementioned  carrier  densities.  Similarly,  in  Figure  4,  wavelength  dependent  material  gain  is 
plotted  at  carrier  concentration  of  2x1 01 8/cm®  for  different  quantum  well  numbers  and  is  found 
that  peak  gain  of  2230.14/cm  attains  at  1.4297  pm  wavelengths  for  single  quantum  well 
structure.  In  the  same  way  in  Figure  5,  photon  energy  dependent  material  gain  is  computed  at 
carrier  concentration  of  4x1 01 8/cm®  for  different  quantum  well  numbers  and  is  found  that  peak 
gain  of  4164.97/cm  reaches  at  0.8689eV  photon  energy  again  for  single  quantum  well  structure. 


Table  1 .  Numerical  Data  for  InGaAsP/lnP  heterostructure  with  Different  Number  of  Quantum 


No.  of  quantum  wells  ► 

Photon  energy/Lasing  wavelength  at 

peakmaterial  gain _ ^ 

Photon  energy  at  peak  material  gain  for  carrier 
density  of  2xf  0'®/cm^ 

Lasing  wavelength  at  peak  material  gain  for 
carrier  density  of  2xf  0'®/cm^ 

Photon  energy  at  peak  material  gain  for  carrier 
density  of  4xf  0'®/cm^ 

Lasing  wavelength  at  peak  material  gain  for 
carrier  density  of  4xf  0'°/cm^ 

Photon  energy  at  peak  material  gain  for  carrier 
density  of  6xf  0'®/cm^ 

Lasing  wavelength  at  peak  material  gain  for 
carrier  density  of  6xf  0'°/cm^ 

Photon  energy  at  peak  material  gain  for  carrier 
density  of  8xf  0'®/cm^ 

Lasing  wavelength  at  peak  material  gain  for 
_ carrier  density  of  8xf  0^^/cm^ _ 


1QW 

(peak  materal 
gain) 

0.8672  eV 
{2230.14/cm) 

1 .4297  pm 
{2230.14/cm) 
0.8689  eV 
{4164.97/cm) 

1 .427  pm 
(4164.97/cm) 
0.86407  eV 
(5481 .94/cm) 

1 .4350  pm 
(5481 .94/cm) 
0.8608249  eV 
(6342.549/cm) 
1 .440478  pm 
(6342.549/cm) 


3QWs 

(peak  material 
gain) 

0.85348  eV 
(1129.469/cm) 

1 .45287  pm 
(1129.469/cm) 
0.854769  eV 
(2791.82/cm) 

1 .45068  pm 
(2791.82/cm) 
0.85308  eV 
(3999.2558/cm) 
1 .453548  pm 
(3999.2558/cm) 
0.85378  eV 
{4959.2169/cm) 
1 .452349  pm 
(4959.2169/cm) 


5QWs 

(peak  material 
gain) 

0.8519198  eV 
(1058.209/cm) 
1 .45553  pm 
(1058.209/cm) 
0.853598  eV 
(2767.93/cm) 

1 .45267  pm 
(2767.93/cm) 
0.852304  eV 
(3990.118/cm) 
1 .4548789  pm 
(3990.118/cm) 
0.855349  eV 
{4980.98/cm) 

1 .4497  pm 
(4980.98/cm) 


7QWs 

(peak  material 
gain) 

0.85113  eV 
(1034.97/cm) 

1 .4568  pm 
(1034.95/cm) 
0.852818  eV 
(2760.53/cm) 

1 .4540  pm 
{2760.53/cm) 
0.8515244  eV 
(3987.496/cm) 
1.4562118  pm 
(3987.497/cm) 
0.855349  eV 
(4968.81 /cm) 

1 .4497  pm 
(4968.81 /cm) 


Furthermore,  in  Figure  6,  lasing  wavelength  dependent  material  gain  is  analyzed  at 
carrier  concentration  of  4x10^®/cm®  for  different  quantum  well  numbers  and  is  found  that  peak 
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gain  of  4164.97/cm  occurs  at  1.427  gm  again  for  singie  quantum  weii  configuration.  However,  in 
Figure  7,  photon  energy  dependent  materiai  gain  is  obtained  at  carrier  density  of  6x10^®/cm^ 
and  is  found  that  peak  gain  of  5481.94/cm  attains  at  0.8640eV  photon  energy.  But  in  Figure  8, 
iasing  waveiength  dependent  materiai  gain  curve  is  piotted  at  carrier  concentration  of 
6x1o"®/cm®  and  is  found  that  peak  gain  of  5481.94/cm  occurs  at  the  waveiength  of  1.4350  pm. 
Furthermore,  in  Figure  9,  photon  energy  dependent  materiai  gain  curve  is  drawn  at  carrier 
concentration  of  8x10^^/cm®  for  different  quantum  weii  numbers  and  is  found  that  peak  materiai 
gain  of  6342.549/cm  achieves  at  the  photon  energy  of  0.8608  eV.  Aiso,  in  Figure  10, 
waveiength  dependent  materiai  gain  is  computed  at  carrier  concentration  of  8x10^7cm^  for 
different  quantum  weii  numbers  and  is  found  that  peak  materiai  gain  of  6342.549/cm  reaches  at 
1.440478  pm.  Moreover,  quasi  Fermi  ieveis  of  conduction  band  eiectrons  and  vaience  band 
hoies  are  piotted  in  Figure  11  and  Figure  12  respectiveiy  for  different  quantum  weii  numbers  in 
the  nano-heterostructure.  In  conduction  band,  it  ranges  from  0.011  eV  to  0.23  eV  for  singie 
quantum  weii,  from  -0.005  eV  to  0.214  eV  for  3QWs,  from  -0.009  eV  to  0.21  eV  for  5QWs  and 
from  -0.01  eV  to  0.209  eV  for  7QWs  and  But  in  vaience  band,  it  ranges  from  -0.099  eV  to  0.034 
eV  for  singie  quantum  weii,  from  -0.114  eV  to  0.0139  eV  for  3QWs,  from  -0.114  eV  to  0.01 38eV 
for  5QWs  and  from  0.1 1 4  eV  to  0.01 37  eV  for  7QWs. 


Figure  3.  Optical  gain  as  a  function  of  photon  energy 


Lasing  Wavelength  (gm) 


Figure  4.  Optical  gain  as  a  function  of  lasing  wavelength 
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Figure  5.  Optical  gain  as  a  function  of  photon  energy 


Figure  6.  Optical  gain  as  a  function  of  lasing  wavelength 


Figure  7.  Optical  gain  as  a  function  of  photon  energy 
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Figure  8.  Optical  gain  as  a  function  of  lasing  wavelength 


Figure  9.  Optical  gain  as  a  function  of  photon  energy 


Figure  10.  Optical  gain  as  a  function  of  lasing  wavelength 
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Figure  11.  Quasi  Fermi  ievei  in  conduction  band 


Figure  12.  Quasi  Fermi  ievei  in  vaiance  band 


In  Figure  13,  peak  materiai  gain  and  iasing  waveiength  as  a  function  of  quantum  weii 
numbers  for  four  different  carrier  densities  are  computed  and  is  found  that  overaii  peak  materiai 
gain  of  6342.549/cm  achieves  at  1.44  pm  iasing  waveiength  for  carrier  concentration  of 
8x1018/cm^  in  singie  quantum  weii  based  iasing  nano-heterostructure.  Lasing  waveiength  at 
peak  materiai  gain  increases  as  we  increase  the  number  of  quantum  weiis  for  carrier  densities 
of  2x1018/cm  ,  4x1018/cm^  and  6x1018/cm®.  Whiie  at  carrier  density  of  8x1018/cm^,  iasing 
waveiength  at  peak  materiai  gain  initiaiiy  increases  when  number  of  quantum  weii  changes  from 
singie  quantum  weii  to  three  quantum  weiis  after  that  it  siightiy  decreases  and  remains 
approximateiy  same  for  the  case  of  5QWs  &  7QWs.  Consequentiy,  photon  energy  at  peak 
materiai  gain  decreases  as  we  increase  the  number  of  quantum  weiis  at  carrier  densities  of 
2x1018/cm^,  4x1018/cm^,  and  6x1018/cm^.  Whiie  at  carrier  density  of  8x1 01 8/cm®,  photon 
energy  at  peak  materiai  gain  initiaiiy  decreases  when  number  of  quantum  weii  changes  from 
singie  quantum  weii  to  three  quantum  weiis  after  that  it  siightiy  increases  and  remains 
approximateiy  same  for  the  case  of  5QWs  &  7QWs.  Hence  iasing  waveiength  at  peak  materiai 
gain  increases  considerabiy  as  the  number  of  quantum  weii  vary  from  singie  quantum  weii  to 
three  quantum  weiis  in  the  active  region  and  after  that  it  remains  aimost  same  by  any  further 
increase  in  number  of  quantum  weiis  for  a  particuiar  carrier  density. 
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Also,  peak  material  gain  is  found  to  be  almost  same  for  the  case  of  3QWs,  5QWs  and 
7QWs  at  a  particular  carrier  density  but  for  the  case  of  single  quantum  well  it  is  highest. 


u 

"a 


Figure  13.  Peak  material  gain  and  Lasing  wavelength  as  a  function  of  number  of  quantum  wells 

for  different  carrier  densitie 


5.  Conclusion 

For  step  index  separately  confined  type-l  InGaAsP/lnP  nano-heterostructure,  material 
gain  as  a  function  of  lasing  wavelength  and  photon  energy  in  TE  polarization  mode  at 
temperature  300K  for  various  number  of  quantum  wells  1QW,  3QWs,  5QWs  &  7QWs  in  the 
active  region  for  four  different  carrier  densities  2x1018/cm^,  4x1018/cm^,  6x1018/cm^, 
8x1018/cm^  have  been  thoroughly  studied  and  is  found  that  overall  peak  material  gain  of 
6342.55/cm  occurs  at  1.44  pm  wavelength  and  0.86  eV  photon  energy  for  carrier  density  of 
8x1018/cm^  of  single  quantum  well  nano-heterostructure.  Furthermore,  negative  gain  condition 
in  the  material  gain  spectra  occurred  only  at  lower  carrier  concentration  of  2x1018/cm^  but  at 
the  higher  carrier  densities  of  4x1018/cm^,  6x1018/cm^,  8x1018/cm^,  there  is  no  any  material 
loss  in  the  case  of  multiple  quantum  wells  in  the  active  region  of  the  structure.  However,  in  the 
case  of  single  quantum  well  structure  there  is  no  any  material  loss  found  at  any  aforementioned 
carrier  densities.  Also,  peak  material  gain  is  found  to  be  almost  same  for  the  case  of  3QWs, 
5QWs  and  7QWs  at  a  particular  carrier  density  but  for  the  case  of  single  quantum  well  it  is 
highest.  But  lasing  wavelength  at  peak  material  gain  considerably  increases  as  we  increase  the 
number  of  quantum  wells  from  single  quantum  well  to  three  quantum  wells  in  the  active  region 
after  that  it  remains  almost  same  by  any  further  increase  in  quantum  well  numbers  for  a 
particular  carrier  density. 
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